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TRAILING-EDGE-MOUNTED ENGINE MASSES

By Gerald D. Walberg

SUMMARY

Transonic flutter tests were made for three series of cantilevered

semispan wing models which had arrow planforms and leading-edge sweep

angles of 72.5 °. The first series were basic wing panels; the second

series carried simulated engine masses and nacelles located at 34.9,

55.8, and 76.6 percent of the semispan; the third series carried only

lightweight nacelles. The mass of each simulated engine was approxi-

mately 41 percent of the basic wing-panel mass. At Mach numbers below

0.9753 the addition of the engine masses increased the flutter dynamic

pressure of the basic wings; the nacelles do not affect the flutter

boundary of the basic wings in this Mach number range. At Mach numbers

above 1.05 the flutter boundary for the wings with engine masses and

nacelles was higher than the boundary of the basic wings, but below the

boundary for the wings with only lightweight nacelles.

INTRODUCTION

Among the designs presently being considered for a supersonic trans-

port is a configuration which features a highly swept arrow wing carrying

engines mounted along the trailing edge. The placement of large masses

along a wing trailing edge raises questions regarding the flutter char-

acteristics of the wing. Previous investigations have shown that, for

wings of moderate sweep angle, a mass mounted along the trailing edge

usually produces a reduction in the dynamic pressure required for flut-

ter at subsonic and transonic Mach numbers. (See, for example, refs. 1

to 4. ) Presently, few data are available regarding the effects of

localized trailing-edge-mounted masses on the flutter characteristics

of arrow wings having large sweep angles.

Accordingly, an exploratory investigation has been carried out in

the Langley 8-foot transonic pressure tunnel to determine the transonic

flutter characteristics of a cantilevered semispan arrow wing which had



a leading-edge sweepangle of 72._°. Three series of models were tested.
The models of series I were basic wings with no nacelles; those of
series II carried simulated engine massesand nacelles; series III
models carried only li_htwelght nacelles. The results of this investi-
gation are reported herein.

SYMBOLS

A

b0

f

g

IT

M

m_X, n)

q

r

S

t

V

v

x

wing aspect ratio

streamwise root semichord, ft

local streamwise chord, in.

local chord parallel to wing-root flange, in.

frequency of vibration, cps

structural damping coefficient as determined by logarithmic

decrement method

semispan, ft

perpendicular distance from wing-root flange to wing tip, in.

Mach number

local mass per unit area, slugs/sq ft

dynamic pressure, ib/sq ft

local fuselage radius, in. (fig. 2)

full-span planform area, sq ft

wing-skin thickness, in.

velocity of airstream, ft/sec

volume of a truncated cone of height I' and diameter c'(_)

distance from wing leading edge, nacelle nose, or fuselage

nose, positive rearward, in. (fig. 2)
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local half thickness of streamwise airfoil section, in.

(fig. 2)

q
Distance along semispan

nondimensional semispan length,

panel mass ratio, ratio of wing-panel mass (including engine

and nacelle masses) to mass of a truncated cone of air having

height _', diameter c'(q), and density p

density of airstream, slugs/cu in.

Pc density of wing core, slugs/cu in.

Ps density of wing-skinmglue-Joint combination, slugs/cu in.

co circular frequency of vibration, 2_f, radlans/sec

Sub script s:

f conditions at flutter

pertaining to ith natural vibration mode, i = 1,2,3,4

MODELS

The models used in the present investigation were generalized

research models and were not dynamically scaled to represent a partic-

ular transport configuration. The models did, however, have planform,

engine placement, and nacelle designs similar to one version of the

configuration mentioned in reference 5 (P. 53, fig. 8).

Model Designation

Three series of models were tested. All these models had the same

basic structure, planform, and airfoil section. The models of series I

were basic wings; those of series II carried simulated engine masses

and nacelles; the models of series III carried only lightweight nacelles.

Each model designation is comprised of a Roman and an Arabic numeral.

The Roman numeral refers to the series of the model, and the Arabic

numeral refers to the number of the model within the series.
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Model Geometry and Construction

Figure i presents structural and geometric details of the models

used in this investigation. The basic model had a full-span aspect

ratio of 2.29 and a leading-edge sweepback angle of 72.5 °. The ordinates

of the airfoil section, which was constant along the span, are given in

figure 2. The models of series II and III carried simulated engine

nacelles. These nacelles were bodies of revolution, designed to have

the same area distribution as the nacelles of the configuration in refer-

ence 1. Nacelle ordinates are presented in figure 2. The series II

models carried simulated engine masses located at 34.9, 55.8, and

76.6 percent of the semispan. The mass center of each simulated engine

was located at the trailing edge of the wing.

Natural vibration modes and frequencies.- The first four natural

frequencies of vibration and their associated node lines and structural

damping coefficients were determined for each model. The models were

excited with a small air shaker. Once a natural mode had been located,

the node line was located by sprinkling carborundum grit on the wing

surface. Decay records were used to determine structural damping coef-

ficients. Natural frequencies and structural damping coefficients are

presented in table II. Nodal patterns are presented in figure 3.

From the node lines presented in figure 3, it may be seen that the

natural mode shapes of all the models in series I and III are nearly

identical. Accordingly, natural mode shapes were measured from model I1

and are considered representative of all the wings in series I and III.

Similarly, natural mode shapes were measured from model II5 and are con-

sidered representative of the series II models. The first four natural

modes for these representative wings (I1 and 115) are presented in fig-

ure 4. The method used in determining the natural mode shapes is

described in reference 6. In applying this method, 1/16-inch-square

mirrors were glued to the wing surface at O, 25, 50, 75, and lO0 percent

of the local streamwise chord and at 20, 40, 60, 80, and lO0 percent of

the semispan. Light from a point source was reflected by the mirrors

onto a screen. The light source and screen were located 151 inches from

the mean surface of the wing. During vibration in a natural mode, the

images reflected from the mirrors appeared as straight lines whose

lengths and directions were marked on the screen. These lines were

resolved into components indicative of the local pitching and rolling

slopes of the mean surface of the wing. These slopes were then inte-

grated numerically to yield the desired natural mode shapes.

The primary load-carrying structure of the models was the wing skin.

This skin was a fiber-glass-plastic laminate, made from two layers of

O.O03-inch-thick glass cloth. The wing skins were bonded to a foam

plastic core, which served to stabilize them against buckling. An alum-

inum mounting block was bonded to the wing root. Cylindrical lead slugs
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were used to simulate the engine masses. The engine nacelles were

hollowed from balsa wood and had wall thicknesses of approximately

1/32 inch.
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Physical Properties of Models

Mass properties.- Mass properties of the models are presented in

table I. The complete panel mass of each model is the mass of the por-

tion of the wing outboard of the wlng-root flange. Panel masses, engine

masses, and nacelle masses were determined by weighing each item indi-

vidually. The densities of the plastic cores were determined by weighing

each core prior to assembling the model and then dividing these measured

masses by the calculated core volume. Skin mass was computed by sub-

tracting the core, engine, and nacelle masses from the panel mass and

then dividing the resultant skin mass by the calculated skin volume.

The skin mass includes both the mass of the skin itself and of the glue

joint between the skin and the core. Due to the simple construction

of the models, the mass distribution of the basic panel (excluding engine

and nacelle masses) may be computed as

m = PcC(_c) + 2Pst

where

m = 5'

c = c(n)

y X

C

and where m is the panel mass per unit area, Pc and Ps are the

core and skin densities, respectively, c is the local streamwise

chord, y/c is the local airfoil ordinate (in percent streamwise chord),

and t is the skin thickness. The airfoil ordinates y/c are presented

in figure 2, and t was found to be 0.008 inch for the models.

Instrumentation

The models were instrumented with electrical strain gages. Two-

active-armbridges of bending and torsion gages were located near the
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90-percent-chord llne at 30 percent of the semispan. During the tests

a tape recorder was used to record the signals from the gages. These

records were used to determine flutter frequencies and the onset of

flutter. The strain-gage signals were also fed into a cathode-ray

oscilloscope in such a way that a LissaJous pattern indicated the start

of flutter. At each test point the tunnel Mach number, stagnation temp-

erature, and stagnation pressure were recorded by a punchcard readout

system.

TUNNEL AND MODEL MOUNTING SYSTEM

The tests were conducted in the Langley 8-foot transonic pressure

tunnel which is a slngle-return tunnel having a rectangular, slotted

throat. In this tunnel, stagnation pressure and Mach number are inde-

pendently variable; stagnation temperature is automatically held con-

stant at 121 ° F. Some details of the tunnel test section have been

presented in reference 7.

The models used in the present investigation were semispan models

cantilevered from the tunnel sidewall. The model center llne was off-

set 0.9 inch from the tunnel sidewall to account for the tunnel boundary

layer. As shown in figure l, a cylindrical half-body enclosed the wing

root and its mounting block; ordinates for this half-body are presented

in figure 2.

FLUTYER TESTS

Zero-lift flutter points were obtained at Mach numbers from 0.801

to 1.201. The procedure used in obtaining these flutter points was to

increase stagnation pressure at a given Mach number until flutter was

obtained. Once flutter was obtained, stagnation pressure was reduced

rapidly in an effort to save the model. In each instance, however,

flutter resulted in destruction of the model. Results of the flutter

tests are presented in table III.

PRESENTATION OF RESULTS

The results of the present investigation are presented in figure

vf
as the variation with Mach number of the correlation parameter
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for each wing series and are compared in figure 6(a) in terms of the

flutter dynamic pressure qT for a representative wing of each series.

The qf boundaries were computed from the boundaries of figure 5 by

means of the following relationship:

Wing I9 was chosen as being representative of series I and III since the

wings of these series were essentially the same and differed only by the

addition of the lightweight nacelles which did not significantly alter

the stiffness or mass distributions. Wing IIl was chosen as represent-

ative of the series II wings. Included in figure 6(b) are plots of the

flutter frequency ratio _f/_4 against Mach number for the series of

three wings.

DISCUSSION OF RESULTS

From the flutter boundaries of figure 6(a) it may be seen that the

data for the series I (basic wing) and III (lightweight nacelles only)

wing coalesce at Mach numbers from 0.80 to 0.975. This coalescence

indicates no subsonic aerodynamic effect of the nacelles. At M > 0.975,

the series III wing undergoes a significant increase in flutter dynamic

pressure qf whereas the increase in qf for the basic wing is slight.

Examination of the curves of flgure 6(b) shows that the series III wing

underwent a transonic change in flutter frequency ratio _f/_4 whereas

the series I wing did not. These data show that the nacelles produced

a favorable aerodynamic effect at Mach numbers above 0.975. Since aero-

dynamic theories of unsteady wing-body interference are still in an

early stage of development, it is difficult to give a coherent explana-

tion of the phenomena responsible for this nacelle effect. The present

results apply, of course, only to the particular configuration tested

and it seems possible that slight changes in nacelle geometry may sig-

nificantly alter the effect of the nacelles on flutter. These results

do indicate, however, that the supersonic flutter boundary of a highly

swept wing may be significantly raised by the creation of favorable

interference fields.

From figure 6(a) it is seen that the series II (engine masses and

nacelles) wing exhibits only small variations of qf with M, except

for a marked increase between Mach numbers 0.96 and 1.O, where the

flutter frequency also increased considerably (fig. 6(b)). The wing
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with masses and nacelles (series II) had a higher flutter qf

(fig. 6(a)) than did the basic wing throughout the Mach number range

investigated. At Mach numbers less than 0.975, this increase in qf

may be attributed to the addition of the engine masses since the nacelles

did not affect the flutter boundary. At M > 1.05, qf for the wing

with masses and nacelles is greater than that for the basic wing but less

than that for the wing with nacelles only. In this Mach number range no

conclusions may be drawn regarding the effects of the engine masses on

the basic wing; however, the addition of engine masses reduced the qf

of the wing with nacelles.

In comparing the qf boundary of a series II model with those of

series I and III models, it must be noted that the change in qf may

be due in part to a mass ratio effect which cannot be explicitly deter-

mined from the present data.

The subsonic increase in qf resulting from the addition of the
engine masses is unexpected since previous data, both experimental and

theoretical, have indicated that the addition of large masses along a

wing trailing edge would result in a reduced qf. It should be noted,

however, that the majority of these prior investigations dealt with

wings of moderate sweep angle. Most previous theoretical analyses were

based on an aerodynamic strip theory in which the spanwise component of

the downwash was neglected. Moreover, the experimental data which cor-

roborated these theoretical analyses were obtained from wings for which

such an assumption is Justified. In the present investigation, it is

believed that the contribution of the spanwlse flow to the unsteady aero-

dynamic forces is not negligible. It would seem, then, that the effects

of localized masses on highly swept wings may be quite different from

the effects of such masses on wings having smaller sweep angles. In

any case, the results of the present investigation demonstrate that

there exist particular configurations for which the addition of localized

masses near the wing trailing edge is not detrimental.
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CONCLUDING R_4ARKS

Three series of semispan cantilevered arrow wings which had a

leadlng-edge sweep angle of 72.5 ° were flutter tested at Mach numbers

from 0.801 to 1.201. The wings of the first series were basic wing

panels, those of the second series carried simulated engine masses and

nacelles located at 34.9, 55.8, and 76.6 percent of the semispan, and

the wings of the third series carried only lightweight nacelles. The

mass of each simulated engine was approximately 41 percent of the basic

wlng-panel mass.
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At Mach numbers above 0.97}, the addition of the engine masses

increased the flutter dynamic pressure of the basic wing which indicated

that the supersonic flutter boundary of a highly swept wing may be sig-

nificantly raised by the creation of favorable interference fields. At

Mach numbers above 1.03 the addition of engine masses reduced the flutter

dynamic pressure of the wings carrying nacelles.

At Mach numbers below 0.975 the flutter boundaries for the basic

wings and the wings with only nacelles coalesced; this indicated that

there was no aerodynamic effect of the nacelles. In this Mach number

range the addition of engine masses increased the flutter dynamic pres-

sure of the basic wings, which indicated that the effect of localized

masses on the flutter characteristics of highly swept wings may be

quite different from the effect of such masses on wings of small sweep

angle which, in general, experience a reduction in flutter dynamic pres-

sure with the addition of trailing-edge mass.

Langley Research Center,

National Aeronautics and Space Administration,

Langley Air Force Base, Va., December ll, 1961.
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